Abstract. We consider the behavior of a premixed flame anchored on a flat burner. For Lewis numbers L < L* < 1, one-dimensional stationary spatially periodic solutions corresponding to stationary one-dimensional cellular flames (rolls) bifurcate from the basic solution which corresponds to a steady planar flame. We derive and analyze an equation for the evolution of the amplitude of the roll solution just beyond the critical Lewis number L*. That is, we consider the case of supercritical bifurcation (L < L*) and determine the ranges of wave numbers of perturbations corresponding to both the Eckhaus instability (to longitudinal perturbations) and the zigzag instability (to transverse perturbations) of the bifurcating solution. We determine these ranges in terms of the flow rate m e (0, 1) and the scaled heat loss to the burner K > 2/e . For wave numbers k < 0.25 we find that the zigzag instability occurs for all allowed values of K and for m bounded away from 1 and 0. As k increases, the range of values of m and K for which this instability occurs decreases. For k > 0.4 the zigzag instability no longer occurs for any allowed value of m and K . For each value of L there is a minimum value m = mt(L) above which the Eckhaus instability does not occur. As L approaches L*, mt(L) increases.
h Fig. 1 . The zigzag instability kc by decreasing the wavelength of the rolls [10] . As can be seen from Fig. 1 , the wavelength X2 of the two-dimensional pattern is smaller than A,, the wavelength of the rolls.
One model of flames anchored on a flat burner is discussed in [1] which, following [4] , models the burner as a heat sink. Another model is described in [5] and [6] . The stability of a steady planar flame to one-dimensional disturbances was examined in [1] and in [8] for the model described in [5] and [6] . The behavior of two-dimensional polyhedral burner-stabilized flames was considered in [7] , where instabilities arising from the interaction of two discrete modes in an effective one-dimensional burner were examined, and in [3] , in which the interaction of two discrete modes in a cylindrical burner was considered. In the two-dimensional burner model used in [2] , stationary cellular flames which bifurcate from the steady planar flame at a critical Lewis number L = L* < 1 were described in the context of a Ginzburg-Landau equation which was derived.
In this paper we employ a three-dimensional model of burner-stabilized flames, in which the flame is treated as a surface, to study the behavior of cellular flames arising as a bifurcation from planar flames and their stability. We derive an equation for the evolution of the amplitudes of a continuous band of unstable modes centered about the most unstable mode in the linear stability analysis of the planar flame. Onedimensional cellular solutions (rolls), which bifurcate from the basic solution for L < L*, are obtained and their stability determined by analyzing the evolution equation. We determine the stability of the cellular flame to both longitudinal and transverse perturbations, thus determining the ranges of wave numbers that correspond to the Eckhaus and zigzag instabilities, respectively.
The stability regions for the wave number are determined in terms of the physical parameters of the model, the flow rate m e (0, 1), and the scaled heat loss to the burner K > 2/e. We graph the Eckhaus and zigzag stability boundaries in the (m, A^)-plane, indicating the regions of stability of the stationary cellular solutions that bifurcate supercritically. For wave numbers k < 0.25 we find that the zigzag instability occurs for all regions of the (m, AT)-plane, except for narrow bands corresponding to values of m near 1 and 0. As k increases, the range of values of m and K for which this instability occurs decreases. For k > 0.4 the zigzag instability no longer occurs for any allowed values of m and K . For each value of L < V we find a minimum value m -mm(L) above which the Eckhaus instability does not occur. As L decreases so does mt(L), so that the region of the (m, A^-plane for which the Eckhaus instability occurs decreases with decreasing Lewis number.
2. Formulation. The model we employ is a straightforward extension to three dimensions of that used in [1] and [2] . In this approach the burner is modeled as a heat sink [4] , with assumptions of weak thermal expansion of the gas, large activation energy, and Lewis number close to unity. We also assume that there is a single deficient component of the reaction so that only its mass fraction evolves, while the mass fractions of all other components are so abundant that they can be considered to be constant. Moreover, the reaction is modeled by one-step Arrhenius kinetics, and the temperature of the burner is taken to be equal to that of the fresh mixture for simplicity.
We employ nondimensional cartesian coordinates [x{, x2, x3), with the burner located at Xj = 0. We seek perturbation expansions of the nondimensional temperature T(t, x j, x2, x3) and mass fraction Y(t, xl, x2, x3) of the deficient component
where Yu is the dimensional mass fraction of the fresh mixture,
is a nondimensional quantity termed the Zeldovich number, E is the dimensional activation energy, Tu and Ta are the dimensional fresh mixture and adiabatic flame temperatures, respectively, and R is the gas constant. Since activation energies in combustion are typically large, the reaction zone is a narrow region of width 0{ 1/Z). As Z -* oo, this zone shrinks to a front whose location is given by xl=Q>{t,x2,x3).
The Lewis number L, which is the ratio of thermal to mass diffusivities, and the heat loss coefficients H are scaled as
Assuming that the reaction goes to completion at the flame front, we set Y = 0 behind the flame. Employing a coordinate system that moves with the flame front In the following sections we consider modulations of one-dimensional roll solutions. Therefore, we consider the specific wave vector (kA, k2) = (k, 0) so that these solutions are periodic in y only. Thus a distinction is made between the y-and z-directions, and we refer to these directions as longitudinal and transverse, respec- Thus the homogeneous part of the solutions for j > 1 will vanish. Said another way, e is defined so that the homogeneous parts of the solution at each order are all collected into the leading-order term. Here the quantity <("), (™*))i and the vector (w*, v*) which is the long-time solution to the problem adjoint to (3.8)-(3.19) with 13 = are given in Appendix B. For j -2 the solvability condition is identically satisfied, and the solution is determined to be For values of K exterior (interior) to the curve corresponding to k = k*, cellular flames with wave number k* satisfy (violate) condition (5.15). The horizontal line corresponds to K = 2/e which is the largest value of K for which flashback occurs for a particular value of m . From the dependence of k0 on K and m , we conclude that for K > 2/e cellular flames with wave number k > k™ax ~ 0.4, where k™x is the largest value of k0 for any 0 < m < 1 and K > 2/e, do not undergo the zigzag instability. As k decreases from k™ax we find that the set of values of K for which the zigzag instability occurs increases in size, so that for wave numbers k < 0.25 we find that the zigzag instability occurs for all regions of the (m, A^-plane, except for narrow bands corresponding to values of m near 1 and 0.
In Figs. 12 and 13 (see pp. 679 and 680) we graph both the Eckhaus and zigzag stability boundaries for specific values of k and ft. The region corresponding to the stability of the rolls is the intersection of the region to the right of the Eckhaus stability boundary and external to the zigzag stability boundary, as described above. For fixed k, decreasing fi results in an increase in the size of the region of stability in the (m, AT)-plane, as can be concluded from Fig. 10 as well. This change is due only to the increase in size of the region which is stable to longitudinal perturbations, since the zigzag stability boundary does not depend on ^ . In Fig. 14 (see p. 680 ) we plot the Eckhaus stability boundary for specific values of k , which indicates that the variation with k of the corresponding stability region is more complex than that delineated by the zigzag stability boundary, as can be seen by the crossing of the curves. 
